Estimating Contribution Of Individual Ionic Components To The Cardiac Pacemaker Potential  by Himeno, Yukiko et al.
Monday, March 2, 2009 259achange the diminishing effect of the ablation on spontaneous activity (n¼3). Epi-
cardial imaging showed that spontaneous ectopic beats were manifested as con-
centric epicardial breakthrough patterns, located near spatiotemporal gradients
of NADH fluorescence. These data strongly suggest that in un-paced hearts
from healthy rats that are perfused with Tyrode’s solution, the main mechanism
of spontaneous ectopic activity associated with either ischemia, low-flow or
full-flow reperfusion is activation of local Purkinje fibers.
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Septic Shock has accounted for nearly 2 percent of all hospitalizations and has
a mortality rate of 40-50%. It is a progression of sepsis, which is caused by bac-
terial infection in the blood and is characterized by a whole body inflammatory
state known as systemic inflammatory response syndrome (SIRS). Cardiac dys-
function is one of the principal pathologies of sepsis and septic shock, along
with other hemodynamic changes and dysfunction in multiple organs including
the lungs and brain. While cardiac dysfunction is typically associated with the
late stages of septicemia in clinical observations, animal models of septicemia
have shown that cardiac dysfunction can occur well before late stages of sepsis
and the induction of septic shock. Sepsis is caused by exposure to lipopolysac-
charides (LPS), an endotoxin found in the outer membrane of gram-negative
bacteria. LPS is a known Toll-like receptor 4 (TLR4) agonist which is associ-
ated with signaling cascades that lead to cellular inflammatory events. Studies
have shown that short term exposure to LPS cause a significant increase in the
amount of phosphorylated NF-kB in ARVCs. Using patch clamp single-cell
electrophysiology we investigate acute effects of LPS exposure on membrane
currents of adult rat ventricular cardiomyocytes (ARVC) in vitro. Given the ne-
cessity of L-type Ca2þ currents for proper myocardial function through excita-
tion-contraction coupling (ECC) with links calcium membrane current with
myocardial contraction, we investigate changes in L-type Ca2þ (ICa
2þ). Due
to its role in shaping the early phase of cardiac ventricular action potential
we also investigate alterations of the transient outward Ca2þ-independent
Kþ current (ITO).
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The number of ion channel mutations that are found in genetic screening of pa-
tientswith cardiac arrhythmias is far outstrippingour ability to functionally char-
acterise all the mutations and assess the in vivo consequences of each mutant.
Currently much time has to be invested in developing mathematical models of
mutant ion channels in order to be able to predict their functional significance
in vivo.
Recently the concept of a dynamic action potential clamp system was intro-
duced that allows integration of electrophysiological recordings from mutant
channels into in silico models of cellular systems. The current of interest is re-
placed in the model by current recorded from a mutant channel recorded using
voltage-clamp electrophysiology, thereby bypassing the need to formulate
a new mathematical model for the mutant ion channel. To simultaneously com-
pute the action potential in the in silico model and record the ion current from
a cell necessitates the use of a real time operating system so that the real cell can
be clamped at the membrane potential of the virtual cell at all times (hence the
term dynamic action potential clamp). The ionic current flow through the ex-
pressed channels would in turn contribute to changes in the membrane potential
of the virtual cell model, so integrating the mutant channels into the virtual cell.
We have developed a system where gating models are formulated using the
graphical approach offered by Simulink / Matlab. Representation of the models
in this way greatly simplifies the user interface compared to standard program-
ming languages, making the system accessible to the less computer-savvy.
In the future we will use this system to study the effects of ion channel
mutations on the cardiac function cardiac action potential.
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Ritsumeikan University, Kusatsu, Japan.Action potentials are generated by complicated interactions of various ionic
channels and transporters through variations of membrane potential and/or
the intracellular Ca2þ concentrations. It is still difficult to isolate the contribu-
tion of individual current from the secondary effect of modified channel
activities. For example, if an ion channel is blocked, the pacemaker activity
is drastically changed from the control time course. We have proposed a theo-
retical method to visualize the contribution of each current in the simulation
study. Namely an instantaneous equilibrium potential, the lead potential (VL),
was calculated along the time course of pacemaker potential. VL is given as,
VL ¼ (SGXEX - SIpump)/SGX,
where GX and EX are whole cell membrane conductance and reversal potential
for ion X. Contribution of a given current system is evaluated by comparing VL
obtained by fixing the gating parameter of a given current system with the con-
trol VL. In the present study, the gating parameters are fixed during slow
diastolic depolarization and action potential repolarization.
It is revealed that the initial phase of the slow diastolic depolarization is mostly
attributable to deactivation of the rapid component of the delayed rectifier Kþ
current (IKr). Then, the major inward currents, the hyperpolarization-activated
current (If) and the sustained inward current (Ist) are activated to depolarize the
membrane further to reach the threshold potential of the L-type Ca2þ channel
current (ICaL). Activation of ICaL initiates generation of action potentials. De-
activation of ICaL and activation of IKr and the slow component of the delayed
rectifier Kþ current (IKs) occur during repolarizing phase. Contribution of Ist
activation to the repolarization is much larger than that of If. Activation of If,
Ist, ICaL and IKs through phosphorylation during b1-adrenergic stimulation
failed to modify each contribution dramatically.
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Diabetes mellitus (DM) leads to a cardiomyopathy in humans and rodent
models. Interestingly, the chronic infusion of zinc in DM mice prevents the de-
velopment of the cardiomyopathy. To elucidate the possible mechanism under-
lying this observation, we examined the effects of extracellular zinc ion (Zn2þ)
on cardiomyocyte function in DM rats (n¼5) compared to non-DM controls
(Ctrl, n¼5). Both the DM and Ctrl rats were hypothyroid, which assured similar
upregulation of b-myosin heavy chain (b-MHC) in both populations. Isolated
cardiomyocytes were electrically stimulated at 2, 4, 6 and 6.5 Hz, maintained
at 35C and exposed to 1.2 mM extracellular Ca2þ. Sarcomere shortening and
relengthening dynamics were monitored using a video-based Fourier-transform
technique. Without extracellular Zn2þ peak shortening as a fraction of diastolic
sarcomere length was statistically greater (P<0.05) in the DM (6.565 0.99 %;
n ¼ 16) compared to Ctrl (5.275 1.91 %; n ¼ 20) at 2 Hz, but not at higher
frequencies. Time to 50% return to diastolic sarcomere length was not statisti-
cally different between the groups at every pacing frequency.Exposure to 12 mM
extracellular Zn2þ significantly reduced (P<0.001) peak shortening in both the
DM and Ctrl at all frequencies. There was a strong trend (P ¼ 0.070) toward
Zn2þ exposure significantly shortening the time to 50% return in the DM but
not in the Ctrl, as revealed by repeated-measures ANOVA. Similar trends
were found for time to peak shortening (P¼0.087) and time to 10% return
(P¼0.048). These results suggest that extracellular Zn2þ inhibits cardiomyo-
cyte contractile function independent of DM, perhaps by competing with intra-
cellular Ca2þ, and enhances cardiomyocyte diastolic function in the DM. The
enhanced sensitivity of the DM to the relaxing effects of Zn2þmay underlie the
protective effects of Zn2þ against diabetic cardiomyopathy.
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Treatment of blood disorders such as thalassemias require constant blood trans-
fusions that cause iron-overload leading to iron-mediated cardiomyopathy,
which is characterized by contractile dysfunction and electrical disturbances,
especially bradyarrhythmias. In this study we explored the cellular mechanisms
underlying iron-mediated bradycardia by examining the effects of chronic iron-
overload (CIO; 0.6 mg/g iron-dextran 3 days/week for 4 weeks by IP injection)
on heart rate and sinoatrial node (SAN) function in mice. As expected, heart
rate (assessed with telemetry electrocardiograms), was lower (p<0.001)
in CIO mice (509 5 21 beats/min; n ¼ 5) compared to controls (601 5
12 beats/min; n ¼ 6, dextrose injected). To examine intrinsic SAN function,
heart rate was further studied in anesthetized mice following autonomic nervous
system blockade with propranolol (10 mg/kg IP) and atropine (1 mg/kg IP), as
